;e3eNe” "atc: Fc~d6dTNehq?10 Sept enber 2004 1 H GH FREQUENCY CURRENT
SUPPRESSI ON BODY USI NG MAGNETI C LOSS MATERI AL EXHI BI TI NG OUTSTANDI NG
COVPLEX PERMEABI LI TY CHARACTERI STI CS BACKGROUND OF THE I NVENTION (1) Field
of the Invention This invention relates to magnetic bod|i0e§e ¥baP 2004

out standi ng nmagnetic . | oss characteristics, at high frequéencies, and nore
particularly to nmagnetic |oss materials exhibiting outstandi ng conpl ex
perneability characteristics effective in suppressing spurious radiation
that causes problens in active devices that operate at high speeds,

hi gh-frequency el ectroni c conponents, ahd el ectronic equi pnent, together
with a manufacturing nethod therefor) and a hi ghfrequency current

suppr essi on body andqgmm@gmwbh%gﬁwupmg@%ﬂqgwyoss mat eri al s.

The proliferation of highly integrated sem conductor devices that operate
at high speed hgSINGEMAGNETKALDSS MATEFRIAL BXRIBITING DUTSTANDINGle t he
random access nenory (RAM, read only nenory (ROM, m croprocessor (MPU),
central processing uni@OMERUEX PERIEABITYSSHARACTERISTICGS Logic unit (I
PALU), and other logic circuit devices. In these .active devices) higher
speeds are being achieved at a prodigious rate in ternms of calculating
speed and signal processing speed, and the electrical signals propagated
t hrough the hi gh-speed electronic circuits have becone a major cause of

i nductive and hi ghx BT i the rapid voltage and current
changes associ at gg«%’ﬁ%r ew @Paﬁeﬁ%ﬂﬁ?g*ﬁﬁg trend toward |ighter weight,
thi nner profile, (QndFﬂHibfﬁre mlésid? 10 September 2004 2 el ectronic
conponents and el ectronic equi pnment continues rapidly and unabatedly. In
conj unction wi t hThisahvénwiihel4tes tb Mafelitibdidsaisg Batstandifg nsaGsketd

sem conduct or devices and the higher el ectroni c conponent nountiThg

densi ti es -lossoharaceristios atrhigh imegedneies, arg molss particttarhy 1 rahgneticloeskabl e.
Accordingly, electronic devices and signal lines are integrated or nounted
over |y dend@ferials exbibitihgheuwtstanding eemplex parmeability eharacteristics effectiverin ked -
earlier, the situation is now such that high-frequency spurious radiation
noi se i s eSHARTGSFIRE FPMHOHS ragdjafiom it Gauses Rrablemgiing Bebvesdgyiges thalcessi ng
speeds bei Leved. Problens with spurious.radiation fro ovwer .supply
li nes goi n%%%;%ﬁ{'gg S(ﬁ)g\?lageg' r{r%qyaqc?gieecggonéq BUPPBRFES; ﬁ?@&?%ﬁ”&f“ﬁevi ces
and Wi ri ngodgaidss | e oo ing AR ' Jpasures as the
i nsertion o@decobgﬁgﬁtggggﬁtgﬁﬁ@%@%?%ey C%Eﬁ?:hee\rﬁefrogf{]ae@’lggl ant -

- conponent SréduiehcyRirRpiveUpbieseornBuE ARESuppresSioR Hhetod iRy 8hch Pecause the
noi se generated in higher speed inpl'enentations of electronic Integrated
devi ces andagnetinipsboaatedsialsont ai ns har noni ¢ conponents, signal paths
exhibit a distributed constant behavior, and situations have arisen where

measur es agai nst S gOAllent i onal concentrated const ant
circuits are ineffecti. er _fQ'lFo(i&%ct of the present invention to

It is. ,
provi de sheet - f or'1f iy ?E%thkg?" pted semmigendvriondeyiees thadt conpri se

e conducrsr ey e Sahed Be RepR BRI aM Koo Tebf., Erefthichiiuds ceas)

as descri FHVE - i ,ﬁg@'@h i Nto:j i
nmor eoyer)h?ééirto pr c?\?ibggé g’ﬂ“g - req)dg%(ﬁ?@%gnﬁ %t%gri@é@%@sg%gd%/%at

conpr i ses (WEy)etentralonocesding ualt (EFU)Pinkddeproceasing dmemetit fodi®emitl act or u”
wherewi th effective neasures agai nst

(IPALU), and other logic circuit devices. In these active devices, higher speéds

a ?‘ —=y=) glis]e:

are being achieved at a prodigious rate in terms of calculating speed and signal
processing speed, and the electrical signals propagated through the high-speed
electronic circuits have become a major cause of inductive and high-frequency
noise because of the rapid voltage and current changes associated therewith.

Meanwhile, the trend toward lighter weight, thinner profile, and smaller size in



10 Septenber 2004 3 spurious radiation can be inplenented with a magnetic
body of smaller volune. According to one aspect of the present invention,
there is provided a high-frequency current suppression body that has a
sheet shape conprising an adhesive |ayer or a pressure- qﬂ%j i Jehaesi ve

| ayer on at | east one surface of a magnetsc thin filn11§cc Eékﬁgrto anot her
aspect of the present invention, there is provided a high-frequency current
suppressi on thod, with which the high-frequency current suppression body
descri bed bef'oW 4C GapIRAEAt#Rdh eleciranic efvipment eantinuiestrapidly angl ose
proximty t ctronic.circuit |n the high-frequency current

suppr essi on%@f?écﬁ%e %%WC&*OPHY'W M&FPEGb@@dﬁtqga@uqn eeisoeritgof a

magnetic | osgh i} i =Y osition where Mis at |east one
of Fe) Co) and%,% l!\‘u{%!egn g‘%“%é@%%éso?ﬁ@{mel\ﬂ'g RLEIBFITaRIE SRMRONRAN east one

el enment ot hemouritimva B riiti i i %{b[e,g,‘ ' 0oss material bein

a br oadband rroagne{gi C ﬁg%%%?%{?ﬂ%&?ﬂﬁ%ﬁb a 'ﬁg%%@ﬁéﬁ 5'?5 %lgop_-. max of °

the loss facemarkeblawhi Atcdrdinglye elotBBhABVIRRY And Sigha Py B ialErgt | LY
t req

of the magnetic | oss material noted above exists Ina ange
of 100 Mz fPUNteERYerindensaly sa asabdtacomeextemheh/ tidus td Sadwbtreial hgr t han
150% where the rel atiyve bandw dth bw is obtained by extracting a frequency
bandwi dt h bEIIRERdERlIerN teusivation isnowrsush thathightfremushcy'spusioB§% of t he

maxi num ~, " mx; ormal i zi, the frequency bandw dth at the center

f requency trhrggr'ég@?’; &E'ﬁ% '55?5%@3’?“1&’?%; 'Qaﬁ(awléﬂqt@ﬁ withythet highet signaf progessing
aforenenticg}%égw LGmd material is in arange that is from60%to 35%
of the saturat idon f %‘é’t"f3§§§1 on of a netal nagnetic body consisting solely

f the M ' : LLy terial h DC el ectri
Cesi stivi Ly valut T orns WiR STRRBR -aaflon rORL GOV sutty foes obinio or

t of tdvtivepdesiees if i id j : L gh-1f.red t
Cuppr ossi on body 1 ormat Lon herhed aenls Rl et o W T HERRS (hin

fil m for med@ays bees printedaritphgaingteshiah seich Megisures gg?gﬁéﬂgg?%&-,»bﬁ pl aced on
an object, and b%@?%g_lfg/i ng a pressure from 10 Septenber 2004 the
substrate SPGRUR! ENSKES poPthedaoRtenttatedegnstant componéhisihidgiee t he

pressure i ded is transferred onto that object. Fig. 1 is a front
sect i onal é?@%%’%gsahﬂ\’%h-e??é'aagwt%frent suppression body in a first

Goscri be the mot RSAoar BECRISE Bie VR Sefiscater dy idier 8R6Sguppr essi on body
di agr ammedinmplefiedtatibns dfiddectrdriS irfedtafil gmlag@%nggiﬁ%g§§$ i be .the met hod

of using the high frequency current®suppressro ang rig. 7 ;

Fig. 4 is Rarmame components, sigranpathsiexmitiia HiMiRRE koftdf BehayiRp S35 On
body according to a second enbodi ment of the present 1nvention; "’
situations have arisen where measures against noise that presume

conventional concentrated constant circuits are ineffective.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide sheet-form high-
frequency current suppression bodies that comprise magnetic material effective
in countering spurious radiation from semiconductor devices and electronic
circuits that operate at high speeds, as described above.

It is a special object of the present invention, moreover, is to provide a
high-frequency current suppression body that comprises magnetic loss material

exhibiting a large magnetic loss factor u* wherewith effective measures against



Fig. 5is a diagramthat hel ps describe the nethod of using the high
frequency current suppression body diagranmed in Fig. 4, Fig. 6 is a front
sectional view of a high-frequency current suppression body according to a

third enbodi mrent of the present invention; Figs. 7A 7B,

di agrans that hel p descri be the nethod of zusing the hi gﬁ-%}g%]'ﬁgﬁ@%@c‘lurrent
suppression body diagrammed in Fig. 6; Fig. 8 is a sinplified diagram of
the configuration of an apparatus for form ng a granular magnetic thin
film Fig. 9SRYCuSyagiaioprcaarbeimpipmentdd with & meguetic bodg péanhaticevoilinidie ~"
of a sanple ~ baseg on an enbodi nent of the present invention; Fig. 10 is a
graph of an exanpl’@CHINGIOQNERRAGE) OtiheRTasARIINYeNtioN, dhereds iphovided a

a surenent system

o1 v o RO S e ks

for observing thg pT & _ _
Tovent  on: FEeReRIRTe e A B PR e %Qﬁéﬁ”%i%k%braﬁﬁéﬁ%ﬁn%?@a%ér:):t
10 Sept enber

of sanple 7 ZmagHetdtan figgbodi nent of the present invention,
2004 5 Fig, 12B is a graph of the transm ssion characteristic (S21 ) of a

G agr am of |an equi val ot CiTeu b Toroa maoae e hey RoRders ibrokted ment
of the pr es@,ﬁlgfpﬁ@gﬁgpgﬁ Curet supptéssisn amghaghwith wRistethesisighdtejdepicpd from
the transm ssion characteristic of sanple 1, according to an enpbodi nent of
the present CHIGRLTYRATeSSiRQ body descnbednBelow is deployed either in tight contact
with or in close proximity to an electronic circuit.  In the high-frequency current
suppression body, the magnetic thin film substantially composed of a magnetic
loss material having an M-X-Y composition, where M is at least one of Fe, Co,
and Ni, Y is at least one of F, N, and O, and X is at least one element other than
M or Y, the aforementioned magnetic loss material being a broadband magnetic
loss material such that the maximum value u"max of the loss factor p" which is
the imaginafy part in the complex permeability of the magnetic loss material
noted above exists Within a frequency range of 100 MHz to 10 GHz ahd that a
relative bandwidth bwr is not smaller than 150% where the relative bandwidth
bwr is obtained by extracting a frequency bandwidth between two frequencies
at which the value of u" is 50% of the maximum K"max @nd normalizing the
frequency bandwidth at the center frequency thereof; the size of the saturation
magnetization of the aforementioned magnetic loss material is in a range that is
from 60% to 35% of the saturation magnetization of a metal magnetic body
consisting solely of the M compdnent; and the magnetic loss material has a DC
electric resistivity value larger than 500 uQ-cm.
According to still another aspect of the present invention, there is
provided a high-frequency current suppression body formation method is
obtained with which a magnetic thin film formed on one surface of a peelable

sheet-form substrate is placed on an object, and by applying a pressure from



Fig. 14B is a graph of R values calculated fromthe transm ssion
characteristic of a conposite magnetic body sheet that is a conparative
sanpl e. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The hi story of the present
invention will be described prior to describing enbodi q&@e?) éﬁ\bénhﬂ)ow esent

i nvention. The inventors have previouslys4invented a conpos {e magneti ¢ body
exhibiting | arge magnetic |oss at high frequencies, and di scovered a net hod
. wherewith,the generation of spurious radiation fromthe sem conductor
devi ces andNEISHOBF8IA $ide thergrt shegpaipreefithe snagnetic. thin fimewhers theel v

suppr essed l.oyi n he,_conposite netjc body in the vicinity of a
spuri ous ra{%?éagf%ﬁg@a&%é!s YANSTRITRA P RPIé€tent research on the active
mechani sm of spurg s i~ e~ At i i such nmagnetic | oss that
such arises due |Bo Tneblér@f\’pcgr:?'. a"ﬁ@négﬁ%%%@@%] esi stance conponents to
the el ectronic cipigu {sSa } L r ?%W radi.akiQn; re,
the size of the eq%iu,vgl eﬁt9 Hf%a%éit’grgﬂggw?grf{)@ Qﬁﬁe S 5&%&?{5@% b@é}’let%%éof?ze of
t he magnet ibodyas a firacémboditmentt of ltee pregeat invehfisty. Mre specifically, the
size of the resistance conponent is equivalently inserted in an electronic
circuit and is ré&igd g apdiegan ithatdielpodescribenttietrhethodi aflustraptief highe

magneti c b?dz when the area of the magnetic body is constant. Accordingly,
a larger p!MeUHEROHE4TRRESPPARSSIOMbadyBiagrampordainFig. Hesired spuri ous

radi ati on attenu lLer or thinner magnetic body. 10

ti i t.h |
Sept enber 2004 6?iglo r}ﬁ\ga‘%fﬁgr?@i"?%tmd%ﬁ@?ftﬁét’”ﬁga&ﬂfé@ eriighspuri ous
o . ¥ ) il ' Ton. - e ou
nteri o of 2aRenck SRER okt B8y siRaPamBTE K P ar e val ue Tor the

magnetic | oss fagion j G55 ] ' [ .havi ng
significantly | arger @gqmﬁegonveﬁ’fél'v%ﬁg%%rgﬁggg%ﬁ%@%@tsgﬁ’%ﬁéﬂﬂ%ve been
sought . Theodynaenirding, toiasddttdcaribs@inint b &g pFe%éﬁﬂ{n%nf?éh;SOf t. magnetic
materials using sputtering or vapor deposition nmethods, took note of the
out standi ng per rféighf iis & giagragy thatiheipsrdesorbé theambtiesd vhesingthe pigh-f i ne
magneti c tal particles are diffused uniformy in a non-nmagnetic body such
as a cer arf%9UeARY ceHeat svrrressiondrady diagrammed i Bigt ¥uct ures of magnetic

netal particles r'and t he nop- r’r%&nteaii ¢ bodi es surrounding them As a result,
the inventors didecySraHOoPhsec YigWRhRyhishgreauency susrerh sbppression i cs are
obt ai ned | igh-f - [yons_ _wh he concentration of nmagnetic netal
particles bi%r?paggpgé{ﬁggtfg%ﬁ'&?}gﬁbco%ag)te&sthﬁﬁp{?ﬁ?ﬁém@éﬁpéi n range. Muich
research has begigglone 7 t ' dj.es ' M X-Y
conposi ti ons, V\h@ébre M'i?-ﬁaé%gﬁ gfﬁ%g&%@%pggﬁg{% @%g{d%gf N) or F,
and X i s a@sing teeetigh-dieaeentyeordhosuppressich bbdil&id@?%édﬁﬂ’i hgse are

| ow- 1 oss and exhibit large saturation nmagnetization. In thes X-Y

granul ar nagnet Fig. odiaesimptified siagranf oftthe coafiguration of BRGpramEifon | S
dependent _.on.the volune ratio accounted for by the M conponent. Therefore,
the rati o MG 2 WRBEAPFIRINEtiFIBIN B made high to obtain | arge saturation
magneti zat i on. For t.hat reﬁzﬁn) the ratio of the Mconponent in an MX-Y
granul ar magnet | 8- 5d3¢ 98PN &% aprqxample oh s freauensy, depardeace efdhes’a magnet

[ b @h- | ' t f | the Iik h
baen |1 m 0o SepFAE T HEREH Sl ChodiREACE B ALt SRR gRTER | on of rougnly 0%

or greater can pg. i ' t ion of .the bul k
nmet al magnetic g@dgggﬁﬁ?g?lﬁ%aé%ﬁﬁ’@%é eyeé[mdteﬁgﬁgﬁ?d” 10

Sept enberaffiflihgra dtrveparatvetsanspletiudi ed the ratio of the M conponent in
granul ar magnetic bodies having the M X-Y conposition, where Mis a
magnetic netal FPeitisa dagomabvieest Omedsummeént gyatent fbEoBserfirgimBt ot her
than Mor Y, across a wi de range, and discovered) as a result, "that, with
every corptRressien sffectsmf a highdrequeney icurreotsuppressibh ihiodgdonsisting of

hi gh-fre%l ions when the magnetic netal Mis present within a

ncy.re

speci fic c%%'& e InginbﬁeF'élnwed%mﬁ RfIeE SRt inventign; wher e the M conponent
Saturat; on magrig A IR SN E el arirmipeinn Ghatcionsiis (S0hof samip 1
exclusi velageior ¢ eMUIARBRES the hridént Mvéntioflf anul ar magnetic body region -

of low loss at high saturation




magneti zati on that has been widely researched for sonme tine. Materials in
this region are used in high-frequency m cronagnetic devices, such as the
hi ghf requency i nductors nentioned above) because the val ues of the
real -part permeability (~') and the saturation magneti 2ptSepternbér 20040
| arge, but the ratio accounted for by the X-Y conponent that affects
electrical resistance is small, wherefore electric resistivity is also
smal |l . For that reason) when the filmthickness becones thin, the
perneabi l ity at hiRih faBipuegEphsofdbe dransmassion ichazmtgnistict (S&@1) wf &h t he
devel opnent of eddy current loss in the high-frequency region) wherefore
t hese mat er CAMPOFHE oagnsticamdy shaet kAt is @ cosnpRIALYS $eMmple:hi ck magneti c
noi se. In the region for the M conponent

films such as are _used to suppres . .

ratio exhibiting Ei% P HBEIAR.GHEN CHAIRMAIHH o o MAGnElicCRASYIRBE ot e
of the saturatjo netization of a.hulk nmetal magnetic body consisting of
only the M 8@@&0%@55,8' ‘%@035%%&?5@”?&%95?01 ty is conparatively |arge at
roughly 100 u. S2~ r r i i RESh of the
material is on thg[aéﬁéégggé'?g\?g}ﬁo%p%%taf@\@ggsﬁfo ug}%{org'*e1 y currents is
smal |, and ghavasterrtit Pkahiite TREESHRG 8 ¥hnbbdifertus the ﬁP@éeLHta' _
resonance. For that reason, the frequéncy dispersion width for the nmagnetic
| oss fact orinvetitiom;landoeconme narrow, wherefore such naterials are suitable
for anti-noise neasures, i.e. high-frequency current 10 Sept enber 2004 8
suppr essi on, i n nbigr ddBOIadraph @l Eheglueangleslated fromethedgansmissiont he M
conponent ratio exhibiting a saturation magnetization that is 60%or |ess
but 35% or YrEAEENISHE of BELOMAASIEMAEN ¥ shestdnatds acHuPrrative Samplignet i c
body consisting solely of the M conponent, the electric resistivity will be
even | arger, at roughly 500 ~. S2~cm or greater, so the |oss due to eddy
currents will be § 1B QO A il I nteraction

bet ween M conpone S|P erar o grpance becones | arge)
and quivering devméaﬁﬁtdr?_otm%bfe%%em%nwﬁm_l Baldesatibe L PABPRCGeRGTBING - AS
a consequence, the magnetic loss factor ~." wll come to exhibit a |arge
val ue acr ossnbodirmexds ohtrgepredentindentidry,, this conposition region is

suitabl e for w de-band hig. hfrequency current suppression. In regions where
the M conponent riig investass bave peevieusly invented aicompagitermagneticcbedesent

i nvention, on.the other hand, super-normal nagnetismw || occur because the
magnetic i rﬁxgi%rﬂg %{Q%Q?W'CNP%%@EB&%QWF! Shangdiscaypred ametipd - \wien a
“magnetic | rial i epl qQyed i medi.at.e adj,acent. to .an electronic -
Tronett C andier BRI the gehBrateR) rinp IR TatiahSh oRf kBSeithicbRg el dBMde8TLs o1
standard i i { o0 0 }: M . the
thi ckness %ngfé’it8 émr#ﬁtéﬂg%‘?%:ﬂ%gseé}ng‘?i?ﬁa&%&?@'ggaﬁpﬁ?gg%&’ eﬁ]leglp er to
ef fecti vel yhe dpRipRShe Megrttdbddyar Wee Giirity sfeépdioud rabRAANSOUreé. SRYST al
hundreds of MHz, the rough requirenent wil'l be ~"~8 a 1000 (~, m.

Accor di ngl ¥howntfrora reegmatseartohn et aotivel mecharismioigppridus rddiéfion a
thickness of 1 p.mor greater beconmes necessary, whereupon a material of .
| ow el ect r BEENUAERN YsiagcychUBaaneticipss thatsueh asises due tbdbe imparnatios oft abl e,
but what is suitable is a conposition wherewith the electrjc resistivity

becones 10898 VERHBSiSENEaOMPANeALs 1asthe; eiectrenic Sipdits ePRRHItdlnRg SAYWIGESt he

t i i t he M t rati i i i wh t ti
mmgnet i zat PO usdadis "Hiele e s8eibime sodvdehtibRlatcs phrboPahtis™ o "
Sept enber - 400dnder iR Rl 428 bPthednaBnBil IosiRhBlr (RGP habAdkc BRAR! SLT N
solely of the conmponent  and super-nor mall nagnetrsmi1s nol nmanrtest, that

i's, a regi MorexpebifichNg the SFeWiahé PosiSRABE CoAfHonent iseduivalesPirder@deat er
relative to the saturation magnetization of the bulk netal negnetic body

consi st i nginsar elgctrehic circuit and is roughly proportional to u" and the thickness of the

magnetic body when the area of the magnetic body is constant. Accordingly, a
larger u" becomes necessary in order to obtain a desired spurious radiation

attenuation with a smaller or thinner magnetic body.




the M conponent. The inventors studied configurations wherew th, when

appl yi ng such magnetic materials, it is possible to deploy themnore easily
and sinply at the desired site, and thus arrived at the present invention.
Embodi ments of the present invention are now descri bedqoldbedmbér2doa Fi g:

1, a high-frequency current suppression b&dy 15 has a granul ar magnetic
thin film19 consisting of Fe~41~0Y fornmed on one surface of either a

synthetic resin skheet or filmsubstrate 17 by sputtering. On top of the
granul ar magneti c THigxaMplg, Doprdar 1o pffard Measusas Againat sPLIoNS rad@ten ded f or

T ace of T asSagatis 185 paE R AREsSlie BRI, s U Aadn v Brerior ofs ' "'
¢ € . 00 ' ot

Peain or ¢ heRaRaBFaElce i art SxFeiBlabidtvtve IitaRE mBbndliiat "ohoe
25 are respegétbvséa{orﬁég\fieéggsa&!%ﬁéreh Bn rﬁlé?k'&‘ocﬁé‘%haviﬁ %?_ci/ni arft! m
as (0] et Yy ne

substrate 17 may consi st of any synthetic resin) suc

t er epht hal atargePETiharpedmestiehahBgheticeloas endtBRER have inysdligh) etc.. so
long as it is not defornmed during Sputtering processing or vapor

deposi tion. For tAdelovetitars, itrescaese o thditmresearchban dofh gnaghetisi rmatevials
pressure-sensjtive adhesive |layer 23) a solvent system or enulsion system
resin, suchUs$9aPBleFoiQr vaprr depesition matheds ipokebeter of thelouistapdingcet at e,
pol ystyrene

yvinyl b | resin. be. used... he t ack
Paheai vey 't Redhe Rl Gritendr Hidimebi bedi Wnerein Ve mRBGS IO Metbr a
adhesi v : ivat | 1d

eyel opent adP SRR are GHBCE ARl H 2 SkAShabfeRE e Sld 8L o Eradlly b, 4
silicone, pebydlicbdddarch %ﬂ_t%%i@ﬂ&%c@ﬁ@éo#ﬂuiqhaﬁf iRl é&q@%}%%&ethre‘lbber

may be used) with that wherein fire-retardant, rnsulative

silicone rubbemaghetisdibdies sgrroaiding tHein) YABEle8URDhe, institory Wisbevisherdd
adhesi ve or tacky adhesive whatever can be used which has sufficient

adhesi ve stihahguistanding cagreticdoss/ctiaranteristics siret tistained intiigh-fleqeenoy film
substrate configuring the substrate 2. For, theageel -away sheet 25, either a
sur f ace- t r FREENSpHRRN the ceragmraliontal enagneticdaetabpaticias ima genglats it can be
easily peel a fromthe adhesi.ve surface., And for the synthetic resin
coating 5, @%99%@%B°€%W Winipaee "Ir%’ﬁ%e-agﬁ}"?hf%?erﬁéc”éh@ﬁ%ﬁ%éiqr@eﬁ/d%tﬁasti c
synt hetic rgsj . ' \ed. . ively,.a

t her nopl astﬁbﬁﬁé‘?yﬁq@ﬁ%&%@&%é?‘%}"Z@g\ﬂ'ﬁéﬁméﬁﬁéﬁﬂmﬁﬁéﬂ% f"ng to Figs.
2.and 3. ! Ragealc Mem ctidghy il P OTRY o, a8 P dReRnfAt ALy AR

hi gh-frequency current suppression body 15 having a predeterm ned si ze.
After the péer-Yaeny isiseelontbthastHeeel£d IOWRYss Ahe ekhiBh largeurgnatieH! I ent

suppression body 15 is adhesively applied at the desired site.
magnetization. in these M-X-Y granular magnetic bodies, the size of the
saturation magnetization is dependent on the volume ratio accounted for by the
M component, Therefore, the ratio of the M component must be made high to
obtain large saturation magnetization. For that reason, the ratio of the M
component in an M-X-Y granular magnetic body for an ordinary application,
such as use as a magnet cbre in a high-frequency inductor device or
transformer or the like, has been limited to a range wherewith a saturation
magnetization of roughly 80% or greater can be realized for the saturation
magnetization of the bulk metal magnetic body consisting exclusively of the M

component.



In the exanple diagrammed in Fig. 3, a high-frequency current suppression
body 27 is applied so as to cover the entire surface of nounted conponents
31 such as I1Cs or LSIs that have been nmounted on a substrate 29. The

hi gh-frequency current suppression body 27 can al so be18&eptaflbér020604r i p
lines or junper lines (not shown). Thus, by applying the high-frequency
current suppression body 15) it is possible to suppress spurious

el ectromagnetic radiation that is a sburce of noise and to suppress

hi gh-frequency noise fromthe outside. In the first enbodi nent noted above,

Ao o bt 1 he iepruS Hdibe SRRREI S e cobBne R B e Ao et ¢
body t hem%gp;ggg gg'@fge a@\/ﬁ{qeﬂe riafx.%tsdﬁ§§§ﬁorls>,mﬁér@ \eparakghetomietalM X- Y, and

t he prese rnvention 1s mte o or by the first enbodi nent

descri begeifbritNe i e, orFsdnd Xiié barelemenbothbotharoli amé acrage 8ept enber
2004 il sSubstrate 17 or surface protection layer 25 may be omitted if it is

easy to WedlapgeRehediscoyeted, BE@ resultathiat, ghitlt e RN EREIPASIHAEFNSI8Wopr essi on
body 33 according to a second enbodinent of the present invention has a

gr anul arlangsymegretic hoss isiexhibileddn hghstreawersy TESISNRWRSD 15 Wé&”ﬁﬁ sputtering
on one surface of a s%/nth_etic resin sheet .or fl| rr%substrate 35. On top of
the granteid Migpesest Wihin 3 SpeeHe coaceniatiol % esin | ayer 37 is formed by
application angd drying, which ha Si AT tOfdiRy ve | ayers 39
and 41 are degﬂa?ééh@%t ERRED ?@F?%?Ee. %Aﬁ% a hggibt\'}g%q%?lgrs 39 and 41,

peel -a ioFC i {otheeRinarsasn msdrtidation wf at he

hi gh-f%&gﬁgﬁi‘%ﬁa & é@ﬁﬁ%@?ﬁﬁ%@d&ym I's formed which has an adhesive

layer o ' coRSistihd exslsivBRtdfehe &4 companentis4aBeand 45 and
t he adh&s@gﬁggler nggégggi/% the@sarre ma?eri als as were used in the first

enbodi megtx segrriatsnegnétic Boagregiomedf low Bisg at bighdadwratiens i s used, the
peel -away sheets of the high-frequency current sup,ressir‘\ggt body. 33 are
peel ed awagnetizht@netbat bas been widelymesearohed Prspmg EMeoi efigFelher . Thus,

by depl oyi ng a hi ghfrequency current suppressi.on, ain 2en
el ect r onthis E@QLAENHLSed Wa‘ﬂ'gééfﬁﬂ‘@@ﬁ\éMP@"PﬁQj}ﬁt'Frc@dffﬁcgaﬂﬁﬁgér)‘g% ual

SUppr cadh P MBSO BErRERAG ABPTE THAUAE I g e e dhtbhcy  nol se

from the, out SIdGy G54 aRtiIRe RENFUREH Fifitization are both large, but the ratio
accounted for by the X-Y. component that affects electrical resistance is small,
wherefore electric resistivity is also small. For that reason, when the film
thickness becomes thin, the permeability at high frequencies deteriorates in
conjunction with the development of eddy current loss in the high-frequency
region, wherefore these materials are unsuitablé for use in comparatively thick
magnetic films such as are used to suppress noise. In the region for the M
component ratio exhibiting a saturation magnetization of 80% or less but 60% or
more of the saturation magnetization of a bulk metai magnetic body consisting
of only the M component, the electric resistivity is comparatively large at roughly
100 uQ-cm or greater. Therefore, even if the thickness of the material is on the
order of several um, the loss due to eddy currents is small, and aimost all of the
magnetic loss will be due to natural resonance. For that reason, the frequency
dispersion width for the magnetic loss factor u" will become narrow, wherefore

such materials are suitable for anti-noise measures, i.e. high-frequency current -




In the second enbodi nent described in the foregoing, furthernore) FeQ

Al a- OY was used for the granular magnetic thin film19, but) in the present
i nvention, any magnetic body expressed by the general formula MX-Y may be
used, and the present invention is not limted to or b t 04
enbodi ment. Al so) either one or both of the substrat esxg?@nﬂﬁg may be
omtted if it is easy to handle) 10 Septenber 2004 12 Referring to Fig.

6, a high-frequency current suppressioﬁ body 53 according to a third

enbodi ment of the present invention has a peel -away substrate 55 nade of a
carrier tglpﬁ.l the. | i C Ll on t hat

peel -away s r§%§lépem5rg%? a%gaagagreu%brc -S s%'ti'@gﬁé;}dﬁgﬁﬁtﬁé%r 59 depl oyed
on the gr@&Htaaﬁeﬂﬁ%ﬂstéxﬁigiﬂir{qué%Zturéti&?ﬁ{ag‘?‘\‘éﬁiatfd?ﬁhfat fle0% diieys eefl to
prevent tacklness. For the essure-sens”ttive adhesive | ayer 59,

subst anceg5%i &?rbh@%f@@@ﬂu#éﬁcﬁdmiaﬁnéﬁ@tfdnr@ﬂa sk enétabniagretic beodysed. As
diagrammed in Fig. 7A, when using the high-frequency current suppression

body 53) tdrsiging scekyyof sihedt cérbpbasntteneleetrivvedistivipnwilhze svef targeaf t he
hi gh-frequency current suppression body 53, Thereafter, the surface of the
hi gh- f r ecitgRoghly B0CRY-cu e geealet solbe yossaduas topeddy cwiertsy!l 88 to face the
desired surface of a substrate 6

. L As diagramred in Fig. 7B _pressure is
appl i ed viPttieRely eRdl @59 PEFRYIFe §d??%%%t'%ﬂtecrﬁ%t‘%€%méq f‘?%‘ﬁ?‘?'?l%#f aCId ngh
- o Qi . i.n Fq. ' 59
aranal ar SERGHEt Sl sein AT B ok s Mes efhs BIEHABAR or o000 1T
h ; SIS i h
br assi ng Suam oD METPRARLy ert plalleeoRERRS BLlis! oA R cRcel e

current SHERRSSTEtRN0ES thttdi L viSondd1tts exhibit @Nafgeoriies eltraus’d BRfads Uppr essi on
body of the desired shape can be forned at a desired site. In the third

enbodi mremangé. t Aecqndirsgly) tthisrooamgasition regicroisesuitablecfop widle-baag higibst rat e 55
was used, but it is also pernmssible to provide the punch 65 with a heating
nmechani s f{eRENEY CUFeat BWePreasioNusi on when appl yi ng pressure, solidifying

the resulting fused resin nd,. adhesi vel lving th anul magneti c
Lt ol B EeSionS yiHEra o Nocamnatsairafa i cvagsiafiettian b e " ooet 61,
Thi s may

oot e (RGoR AL ARS8 o B BB e el ness
occur because the magnetic interaction between M components will hardly
appear at all. | ' |
When a magnetic loss material is deployed immediately adjacent to an
electronic circuit and high-frequency current is to be suppressed, the material
design standard is given by the product of the magnetic loss factor u" and the
thickness & of the magnetic loss material, that is, u"-8, and, in order to effectively
suppress the high-frequency current at a frequency of several hundreds of MHz,
the rough requirement will be p"-8 = 1000 (um). Accordingly, with a magnetic
loss material exhibiting u" = 1000, a thickness of 1 wm or greater becomes
necessary, whereupon a material of low electrical resistance susceptible to
eddy current loss is not suitable, but what is suitable is a composition wherewith
the electric resistivity becomes 100 uQcm or greater, that is, in the composition
system of the present invention, the M component ratio is in a region where a

saturation magnetization is exhibited that is 80% or lower than the saturation




10 Sept enmber 2004 13 171m 57, in which case there is no need to provide the
punch 57 with a heating nmechanism The structure of the granular magnetic
body M X-Y used in the enbodi nents of the present invention is now
described, together with a specific exanple of a manuf 3§Gdptdindreicoed
therefor) making reference to Fig. 8. Referring to Fig. 8, "a sputtering
apparatus 71 has a target sanple table platform 77 and board 79 inside a
vacuum chanber 75 capabl e of having t®e air therein exhausted by a vacuum
punp 73. The target sanple platform77 is connected to an RF power supply

chi ps. SsmametatianeksRukaae R ETRARaC aRY BN RIS SoBMLl BN S nd The
chi ps . platform an e
board 79 is deployed a shutter 87 Sis Ot O {0824 fediBn Synbol 89
dﬁsingnat @@mgogg?t %:Lﬁ)ﬁ‘!‘RFrtﬂﬁ'T“aflmagg%?Eﬁglsr{% tgil)sgtegqI | :;;rnsei( d% o:‘ tf11e) "
chanber. anuf act.url.ng i 5K or afsdter ive(tBethel e I ng
t he appa?é’l"%@i%%%% rﬁéaﬁ%ﬁt@ht all?

ted a granul ar ‘magnetic thin film was

fabr i cat g ory 1 o386 sadepAind Bulkmer riynst, badycemsistegsBieldlons not ed

bel ow in € Sputtered fil mobtained thereby was subjected to a
heat treme{}@rgo,{,goﬁem_acuum magnetic field for 2 hours at 300C to yield
sanple 1. en this sanple 1 was subjected to f] uoroscoBi E{ x#‘?%/ anal ysi s,
the conpositi oThefinventorsistudied configurations wherawihy whe aDpPHg ™ t hi ckness

in sanple 1 was 2.0 Vim the DC resjstivity was T s 18 Ce

( 142%4@(/)/n‘)a_lgr?chlaa¢fpiBBO'g iaag_%%':'ef%ﬁp_}%, etﬁhﬁmf ‘F%Eg'gi %ﬁ?@'!%ﬁ?t h bw-

was 6 The rel ative bangdwi y extracting a frequency

bandwi dt HeHERGhEER %tﬁvﬁéaﬁﬁ@?g@%mﬁ'?@ﬁvﬁﬁm ue of ~" is 50% of the

maxi mum N~~max _and por nal iZi f banduéstrivedt the center
EaBodiREN. o e Bréfiiy vaeenare

frequency ther e rati o between the saturation

magnet i zation ﬁ%@-ﬁﬁékg ;:}%qu]% ﬁiaﬁ-freql@n@ptmehtesumeﬂsmn bogy irSahas A
of a t al

magneti zati on _ gnetic body consisting solely of the M conponent
vas 72. 2danl il RadndCHITTREQoeRNsistifgof FRGAIL0), forredoBDNR SLETACErRY) bef or e
de ositi n,&} rmspﬁ re uponArde vsitionPower Stg) I I%FgF.e (D@%e{’“ﬁe
100n) Taegeér Aspihetibirgsio sheepoelassuistraie 1< ¥§$Fﬁ4 MB@m x>

granular magnetic thin film 19, a synthetic resin coating 2 is provided for peeling
the other surface of

>

—

away and reinforcing the granular magnetic thin film. On
the substrate. 17', meanwhile, a bonding adhesive or pressure-sensitive |
adhesive layer 23 consisting of rubber of a synthetic resin or the like and,
formed thereon, a peel-away sheet or removal sheet 25 are respectively
provided. Here, the synthetic resin sheet or film substrate 17 may consist of
any synthetic resin, such as polyethylene terephthalate (PET), polyester ether

ketone (PEEK), or polyimide, etc., s0 long as it is not deformed during

sputtering processing or vapor deposition. For the bonding adhesive used for

the bonding adhesive or pressure-sensitive adhesive layer 23, a solvent system

or emulsion system resin, such as an acrylic acid ester, polyvinyl ether, polyviny!

acetate, polystyrene, or polyvinyl butyral resin can be used. For the tacky

adhesive, those same resins to which a tackifier containing rosin or a derivative

thereof, terpene resin or other terpene derivative, and a cyclopentadiene,

styrene, phenol, xylene, or coumarone-indene resin, or a silicone, polyurethane,



In order to verify the magnetic | oss characteristics of the sanple, the ~-f
characteristic was investigated. Measuring the ~-f characteristic is done
by inserting the sanple into a detection coil fashioned in a ribbon shape,
and neasuring the inpedance while applying a bias nagngg isgp{ein% .2004US the
frequency characteristics of the magnetic |oss factor ~," are obtained.
(Conparative Sanple 1 ) Conparative sanple 1 was obtained by the sane

nmet hod and under the sanme conditions a®p sanple 1 except in that the nunber
of Al 203 chi ps was made 90. Wien the conparative sanple 1 so obtai ned was
subj ected to fluoroscopic x-ray analysggg t he conposition of the filmwas
found to fheorffee ®ABEHBIC rihber miagnbiehissidawith thakwhereinfirg-retAlapt resistivity
in conparative sanple 1 was 74 p. S2-cm, .t he aniso}ropi ic field was

A > f C neé
22 Ce {_17tstsula'tinhfl@ﬁbl€|\%lm]§]§ ruBBeID's csed Hejng Barticulafy SR ARC RN, | he
- at .
ragnet 1 2aRPURNG LAY Rl AT ot URe P P8 e SR i
i . ol S 85.7% 10
Sopt anvertava sfepgiinatTy WPePrna) M i piresty 0t ot 0. 7Y,

sample 1 ijstng%gégﬁ@qudnm\é%s%te phe peak is very high, and the

di spersion1s s the resonant frequency high in the nei ghborhood

of 700 MHz. Refpgfthaghdelahiay shbdt 26 eittier sxdurfaceshieatetqaiper ot resiompar at i ve
sanple 1 exhibits a large ~", reflecting the fact that the saturation

magnet i zathiedikeMari ise Lisedso Ibtigwes ércanteceasily pasled awayfearm de adhesiy? thi s
ThuS. |t | surtadedorind faitha SYRheRs 675 PORTIGIS HONBBE ST HESD PrIRiRePc | oss
por moabi | TS ATPBIDERLS Rt STBRE e Y SL TR A TR U G ey "t 1
Alternatively, a thermoplastic resin sheet may be pressed on under heat. -
Referring to Figs. 2 and 3, the peel-away sheet 25 is formed on one
surface side of the high-frequency current suppression body 15 having a
predetermined size. After the peel-away sheet 25 is peeled away, the high-
frequency current suppression body 15 is adhesively applied at the desired site.
In the examplev.diagrammed in‘Fig. 3,a high-frequencyvcurrent
suppression body 27 is applied so as to cover the entire surface of mounted
components 31 such as ICs or LSIs that have been mounted on a substrate 29.
The high-frequency current suppression body 27 can also be applied to
strip lines or jumper lines (not shown).
Thus, by applying the high-frequency current suppression body 15, itis
possible to suppress spurious electromagnetic radiation that is a source of
noise and to suppress high-frequency noise from the outside.
In the first embodiment noted above, what is used for the granular
nmmammmmm19bmm%adeF%Awovwnmmem%HMmmMNn
it is sufficient to use a magnetic body the composition whereof is expressed by
the general formula M-X-Y, and the present invention is not limited to or by the

first embodiment described in the foregoing.  Also, either one or both of the



It will be seen fromthese results that the nmagnetic body in sanple 1 of
the present invention exhibits very high nagnetic |oss characteristics in
hi ghfrequency regions. Next will be described tests done to verify noise
suppressi on effectiveness using the sanpl es) obtained 4 saptdntbeérdpodi ment s
of the present invention. Using the 'nmeasurenment system di agramred in Fig.
11 to verify noi se suppression effectiveness, and using a high-frequency
current suppression body conprising thil granul ar magnetic thin film of
sanple 1 having the perneability characteristic diagramred in figs. 4 and

5) formed in a square 20 mmon a side, with a filmthickness of 2.0 pm
that was plbsieaie di7rarcuriacaipsotection mw@tmaﬁgﬁi%ﬁﬁﬁ\ﬁ thig %@ﬁyitﬁé"q'lgﬁﬁt h of

charact or o f??ﬁ%‘%ﬁ&% E%E”Biqﬁﬁﬁéqﬁée%?ﬁ%aﬂﬁph%%ﬁHLf@?@%?ésLﬁ& yzer
HP 8753D). In. T 2 ; il i ST i
g}i gh-f req%%@'ngﬁp@:ﬁcoﬁpépggé'ﬁﬁnbkmggﬁggb ?@'%gﬂ']@ B?iﬁtﬁ} gpaﬁggnet ic thin

filmsanple 1 are.giyen.to i h labn St r conposite
magnet i c W@Q{?eg‘ﬁﬁgﬁ f’ﬁ? q?@‘?&#ﬂﬁbﬁfﬁa@h?@?ﬁ?w SP Pg%ﬁ@%ﬁuosr\g% powder and
a pol ymergypad §Sa §¥]nthé{?c FEHh SABEY ordiIfYsUtRtraedBs. 20neoprAlné granular
Characteristics G anul ar Conposi t eMagneti cMagneti ¢ Sheet Thin

Fi | m-"/ 70RNYashe tin fifRA8bawynthalibwesdindagsr 3nisfarmed by applipation ahé w' of the
granul ar nmagnetic thin filmsanple 1 exhibits a dispersion in the
sub- m cr odwyire Whict, hasi a kinilasicompesitionk AdiesiveXaYerse9andad aré the vicinity

of 700 MHz. This is sone 600 tines |arger than the ~'" Qf t%e conparative
sanpl e t hdgpleyed QDt?@Ch'SUﬂf@EerQrbtﬁei#r%ﬁ@eéawsb%rﬂ.'d fHr PH T, the
£ om whi cihaets i3 and:ds B sevaraly Resved Arartingh HER SN aT ©

L oxi . _ . . di |
noxt o duie SRBpLaRfh Buaf 88 1P HoriiAWTE Al ah adtiesERRg! Oh bOBTE  ance

conponentg;g@s iHidebf, AIFFtRE SPRthRAE fesih layets B8ldreMaBland te atResies Eyers
suppression effect will be Toughly proportional to the product of the size
of p." amdb ahé 4ihtinksase materials anyem usedindhefinst-@nbodimesnteadte when
conparing suppression effects, a conposite nmagnetic body sheet wherein b =
1.0 nm atused.

As diagrammed in Fig. 5, when this is used, the peel-away sheets of the

high-frequency current suppression body 33 are peeled away and electrohic
components 49 and 51 are joined together. Thus, by deploying a high-
frequency current suppression main body 47 between electronic components
that each generate high-frequency noise, mutual interference and the like
between electronic components can be prevented by suppressing spurious
electromagnetic radiation, and high-frequency noise from the outside can also
be suppressed.

in the second embodiment described in the foregoing, furthermore,
Fe,-Alg-O, was used for the granular magnetic thin film 19, but, in the present
invention, any magnetic body expressed by the general formula M-X-Y may be
used, and the present invention is not limited to or by the second embodiment.
Also, either one or both of the substrates 35 and 37 may be omitted if it is easy

to handle.



~." - 3 such that the value of ~"~8 will be on the sane order was used as
the conparative exanple. Mire specifically, as diagranmed in Fig. 11, the
hi gh-frequency current suppression body sheet was depl oyed directly over
the conductor of a microstrip line 95 as indicated by §§Hgepteiitsdt 2doae 97,
and the changes in the transm ssion characteristic Sz~ were determ ned. In
Fig. 11, the synbol 99 designates a coaxial line, In Figs. 124 and 12B, the
S2~ characteristics are plotted when depl oyi ng) respectively, the

hi gh-frequency current suppression body sheet of 10 Septenber 2004 17 the

granul ar magnetic thin film sanﬁ_l e .1 and the copposite. iL, body sheet.
V\';’] th the depl oyg?@iem@g t@ﬁ@-gﬁ'aa;usgrﬁ%?&gﬁsll FH"FH@”HH'F%'@%?&% the S2~
cxhi bi 1 nGCHPICIN Fm iR smEPRROad fo7 Pres hvebifh s semaval' CU . o
the CO”poigb%&&g%};ﬁfﬁﬁg%%ycfrn&e{ape% tﬁ@ﬁk@,té‘ﬁfadlﬂ’éﬂhaéﬁ@ticsﬁlh 57

characteri ecreases om several RAundreds of MHz on, exhibiting

appr oxi mahghbb éa%rﬁlﬁaﬁfze&:ﬁgy subfete 565 Bhi @ predsuretsersitive adtwsiveie S2~
transm ssi o gharact eristic i's dependent on the ~" dispersion of the

magnet i c Rady 59adubiéyeat ot thee granelarohiagreticsiimys®s sA peekawayshest B2 pendent on

the ~c"~8 product. Thereupon, the nagnetic body was assuned to beg_.a
di mensi onprovidiédta pravehbiackinessanfor i%?eﬂ,l’e?;ﬁ‘éﬂﬁ*‘%”sﬁlvég%d}}ﬁ?@@ ‘PMetsa-. 13,

from ?Léeéuééfgﬁ%gé’aa%frd&%%%%ﬁ%pﬁé@w%éhét hbodiienti B8lbedrent ol roud

. i i } 7.). As |
oA S S A b8 PEERS TSV hd R SR BhET Bahaf (7). s i
changes i guéé%ggﬁgﬁfd%:fﬁﬁé PEkRLkaY Shedl 61 HBS Blkn demoved Hien aesli val ent

resi stanc s a n series, the equival ent resistance R

found i ' | nTtetd the Referri
was foun ﬁﬂﬂégen gf‘%fg)i@ﬁ@@léngﬁBﬁﬁéﬁf@pﬂrb_ﬁle@boﬂysm nTeetéaftarethe Ref erri ng

to Figs. the frequency variation in the equival ent

resi st anceuffaddiof the Mgkdtjuenoy eotréntsuppiessioméody $8d8 iPesitigngd &0 @S body
sheet that is the conparative sanpl ez in both cases, the ui%gl ent

r esi st ancto Rcsithpldesired sadace of & substratebhi ASAIRSEAPIRE INe8oPng sever al

f S2 3 GHz. The f d f th i i
R appoar SPiasSHER/ 5 appliedtie hunpa s Torbiine Adtags opyife BAEk SRIeCHbm B8, 7L on
f ~" th b t ly | i | G i i h ,
ol e £ S BARBEN G0, i ot coces,
to the -, éﬁétrﬁé g%a%kﬁﬂéﬁ@fﬂ)iﬁ fifm 5% hSrmhed ‘s@p&im%b@edsmém gdepanséons to

t he wavel engt ncreases=sI np 0 Septenber 2004 i8 In the enbodi nents

of the prezRMerfANhé pRel-awaYsabEwitEED, @xaowing tethe shapieccfitbe t hat are
based on sputtering or vacuum vapor deposition procedures, but such

manuf act upicsgingeplmetsehsandadiberarto Y substrgte£i7t ava high-frgauen@pe4Teion nay
al so be used, and there is no limt on the nethod SQ Ion%sgs it is_pne
wher ewi t hsuppsessigndiady Tilmsss. nathys ahighr TeRENRYLUSTRNT SHRRFSSIAN RAFY 8

uniformy effected: In the enbodi pents_of present invention) noreover)
this is ameALRIRhareCcan Pﬁ]orﬁlﬂﬁ%aﬁﬁ'ﬁ%gﬁ%nce and characteristics can

vacuum magnet i oy i RS gl B Ty ArebUa i peel 1 2
sanpl es of, L0 BLRSfS5 was used, but it is also permissible to provide the punch 65
with a heating mechanism, efféct heating and fusion when applying pressure,
solidifying the resulting fused resin, and adhesively applying the granuiar
magnetic thin film, without providing the adhesive layer 59 and peel-away sheet
61.
This may be something having rubber or synthetic resin exhibiting

tackiness between the peel-away substrate 55 and the granular magnetic thin



invention that exhibit ~ u dispersion in the sub-m crowave band exhibit a
hi ghf requency current suppression effect equivalent to that of a conposite
magneti ¢ body sheet having a thickness that is approximtely 500 tines
greater, and that such are prom sing as naterial s used{ph&btéthBeZfdaM .

bet ween el ectroni c conponents conprising sem conductor integrated devices
and the |like that operate with a high-speed clock running near 1 GHz and

el ectroni c conponents rnutually susce&?i ble to interference, and in

el ectroni c conponents and circuit devices and the |ike that use high
frequenci es. The granul ar, magnefi i & bafch 67tvith adeadibdng rel ate
only to WYSiOW*%BEPa?? ﬁi‘esreg"\"/ﬁég%faatthﬁo?ﬁg%rgnul ar magnetic thin film of
the present invention can elicit the sane effects even if, instead thereof,
t he conpBIRSABBISEY the nagnetic body with the general f%nu a MX-Y are such
that Mis Ni, ‘Fﬁé Bcffe of e Jfapamponaartetichody XY useq NG, T, zn) H,
Sr, Nb, Ta, or rare earth) or, alternatively, %tn‘i Xﬁthurfg‘fi@‘f Eggéﬁ and t he
Y cormongﬁh?idgﬂgnts'\éftﬁé fdsemt jnventien isnow degcriedy tReEHET S SEE“ " Fhe i | m
form ng method used in Phe enbodi nent s g)gscrgg & i‘e{?eﬁ&?"té BlE£80I Ng was
sput t er i pgimps o4 eanuidthoot maleed RErGRbJFat! § §9'Pon” or ' the like can al so

be enployed. In addition, such nuf act ur i t 1&g et samplelfable
Sept enber 2004 Reézming 4p &ig.18, -SRI @§8t%g§ﬁn%§ ?{?so bepused. There is

no limtation on the methgod.so,lon i 1 %wﬁmmdfhavhr@@%mhl ar
magnet i ¢ ptationmf 77 ﬁﬂ@poﬁﬁggﬂ@%%? \igﬁeﬁérrﬁ%hcérgﬁ%an be réal i zed u%inigr my. In

t he enbodi ments of th I | t-im0Nn, THetargetrsanmple pdatferm pUi®n is given
for hi ghihﬁféwwsi?ﬁpgﬁte\%g%bﬂrgg@ g'r?obodi es gE:Eo!rrpri sing a syn"t_rQRjti c resin

substrate or an ; gr pomithe-casidet | 08 thaiiagel saMB)e,
conpri si ﬁanaegﬁﬂtqﬁgﬁs%gﬁgmwn%hgg'ty it is pernmissible f or %%Sgr#&anul ar
magnet i c H&J&r‘d—%-{]g gxa@@tBb%rﬁi ¢hips 85 placeshiberatm %YV&EQ estilmor the
|l i ke on tpop 0 aﬁ and the present invention 'bs ﬁ€§7|siorgstt%dcé\iér‘?lﬁeby t he
met hod o%aﬁﬂj?@%imnw7néﬁdxmmgoaﬁb%%t§ ¢aployRd BSBNERE ®f A%t i on, as

described 1n the foregoing, it is possiDbl . i qHastd thguency
current Soppd FSsi SyrrlmxlIﬁQHiﬁﬂgﬂjﬂ% g&&ﬁéﬁpﬁ'\mﬁ"ﬁ@#ﬁ?mﬁu ting outstanding
hi gh-frequency nagnetic | oss characteristics extrenely effective in

el i mi nat iimejde of the ehaRBE" caused by el ectromagnetic noi se or spurious

el ectromagnetic radi ati.o \d williBe h@ardscribedig el ectroni c conponents
and/ or* hi gh fr&lmé%ﬁ?%%‘b‘ﬁné %8%§H§nber 2004 20 WHAT IS CLAIMED IS A"

hi gh-frequency §gﬁg§gq suppressi on body havi ng a sheet shape and conpri sing
an adhesive Ia% r

I pfessure-sensitive adhesive |ayer | Qe t he
m-qn - . i . - \Jsing'ike apphrdtus diagrapmedindTe- %Lﬁ)ﬂ%@gﬁrdﬂég@ed@d g@%ﬁ';'ﬁi ng to
claim1l, . i ted

was fabricated on the glass board 79 by sputtering, under the conditions no

below in Table 1. The sputtered film obtained thereby was subjected to 2 heat

treatment in a vacuum magnetic field for 2 hours at 300°C to yield sample 1.

When this sampie 1 was subjected to fluoroscopic x-ray analysis, the

O,7. The film thickness in

composition of the film was found to be Fe;pAly ‘
uQ-cm, Hk was 18 Oe (1422

sample 1 was 2.0 um, the DC resistivity was 530

A/m), Ms was 16800 Gauss (1.68 T), and the relative bandwidth bwr was 148%.

The relative bandwidth bwr is obtained by extracting a freq
0% of the maximum

uency bandwidth

between two frequencies at which the value of p"is 5

and normalizing the frequency bandwidth at the center frequency thereof.

— le 1 and the

The value of the ratio between the saturation magnetization of samp



wherein said magnetic thin filmis provided on one surface of a filmor
sheet form substrate conposed of a synthetic resin. 3. The high-frequency
current suppression body according to claim2, wherein said adhesive | ayer
or pressure-sensitive adhesive layer is provided on ongg%dptétrserfooaai d
magnetic thin filmw th said substrate interposed therebetween. 4: The

hi gh- frequency current suppression bodygaccording to claim't, wherein said
magnetic thin filmis provided on one surtace of a filmor sheetform
substrate so that said magnetic thin filmcan be peel ed away from said
subst r at e. saturation thaghetizationef@ymetal magnetio bedy Sonsisting gpledebingi Mg t o
claim1, wherein said magnetic thin filmsubstantially consists of a
magnet i c | SYBPARGEW2E 72}%\%-ng an M X-Y conposition, where Mis at |east one
of Fe, Co, and Ni, Yis at least one of F, N, and O, and X is at |east one
el ement other than Mor Y, and said nagnetic |oss material is a narrow band
magnetic | oss material such that theggB 'gunlvalue ~"max of loss factor ~."

exists within a f 1 said

K _nernrability. i-8l g1mg

siiok Onae €188 XRar o
Al ned by extracting a freque
[ AE value of ~," is 50~ of t

yDandw ot h at the center 17
Rffhe hi gh-frequency current

uﬁe agi® y I e high-fr
g to clhim5, wherein size g
AL, Qg chif 120 pje¢es)a range of

bei ng an i magi nar
material; and tha
the relative band
bet ween two frequ
~"m- and normaliz
t her eof . 21 10

body according to
t hi ckness wit hin

current suppressi
magneti zati on of

requency range_o

to 10 Gz

ss factor w'

y Vacwumidegeeerpl e
| before depositdoman

ne

tic | oss
an 200~ where

AtHhOsphre IupofDt
CHEHSSticH whi ch

ncy bandw dth
he maxi mum

ng the frequenc

BpwerBepply004 6

range of 0.3 d
o-pa,ggply accordin

ard magnetic |lo

2|
S

—etat-5—wher-et

equency

suppr essi on

| has a
equency

f saturation
80% to 60% of

saturation magnetj zation of netal| (@himeizec Stk Sromsx 8oimid) sgl ely of M
conponent. 8. The high-frequency current suppression body according to
claim5, wherein said magnetic | oss nmaterial exhibits a DC electric
resistivity in : TR4G z s 9f the'Safip@h tthé pauency
current suppresg?éﬁﬁ%§%3§2§g®9dﬁ%%ﬁ€%?@F%?ﬁ?’, erein said 9 cpnpgnent in
sai d_nmagnehhfack@idticRaeinvebtigateal sMeaglining theadicharectefistic isBlon8iby Al , My,
Ti, Zn, H, Sr, Nb, Ta, and Tare earth elenents. 10. The hi gh-frequency
current sirsertrspthensample intccadétengon aoi fashiosed in a ribbon shape, and

measuring the impedance while applying a bias magnetic field.  Thus the '

frequency characteristics of the magnetic loss factor u" are obtained.
(Comparative Sample 1)
Comparative sample 1 was obtained by the same method and under
~ the same conditions as sample 1 except in that the number of Al,O, chips was
- made 90.

When the comparative sample 1 so obtained was subjected to
fluoroscopic x-ray analysis, the composition of the film was found to be
FeggAlgOg.  The film thickness was 1.2 um, the DC resistivity in comparative
sample 1 was 74 uQ-cm, the anisotropic magnetic field was 22 Oe (1738 A/m),
and Ms was 18800 Gauss (1.88 T). The ratio between the saturation
magnetization of comparative sample 1 and the saturation magnetization of a
metal magnetic body consisting solely of the M component, that is, the vaiue of

{Ms(M-X-Y)/Ms(M)} x 100, was 85.7%.



wherein said M conponent in said magnetic |loss material exists, in a
granul ar formdispersed in the matrix of said X-Y conpound. 11. The

hi gh-frequency current suppression body according to claim5, wherein nean
particle diameter of particle Mconponent having said gpaapleshbdraotui s in a
range of 1 nmto 40 nm 12. The high-frequency current suppression body
according to claim5, wherein said magnetic |oss material exhibits an

ani sotropic nmagnetic freld Hk of 600 O85(4.74 x 104 A m) or less. 13. The
hi gh-frequency current suppression body according to claim5) wherein said

RO A e RN e S
(l;y a:g ren n g’r a%?%@m' gﬁ%gaggfy;%&/’ 5'9?9%8‘d§§%?’ié g?'aggsoﬁhgg%ﬁ 'tﬁrﬁ g@sdrﬁ?ﬁes ente

hi gh- f r equestlereyHighin therigistsdrasodefiyoeMHz.di ng to claim 5) wherein said
magnetic | oss materital is a thin-filmmagnetic body fabricated by a

sputtering or véReferriteptastigi v, inthdatif chéractenistibi gomparatjve sampdelr ent

suppr essi on body according to claim11, wherein said magnetic thin film
subst ant i @xhibitsontarge a",aﬁ%actimgmetfact thetthersateiatian maanstiFatian isdisy
conposition, where Mis at |east one of Fe C(? and Ni., .Y, isS | east one
of F, N) &W@eo, Haweverhecausedhe resisianes ¥alg of SoisSAMRIE S I 299y and sai d
magnetic | 0ss terial is a _broa n tipc lo rd hat the
maxi mum v&MIENLNRERS &€ 98§§ra?%€?gwiﬂeg€%?§'t@5%\ﬁtﬁ?’Hgg{'?rée uee'ﬁg'g/&réatnge of
100 MHz t : ' f ' | ' ' i ' | ex

per moabi | Py eRdn RPHE Aeeatiifl Rhallieltabpd chaR@iTaY REE HevPopedy

bandwi dt h flg tHebloRRfre§liBrhdyeregidin And 3RS thigiermieBbilityetitdravieristicsinadé h bwr s
obtai ned by extracting a frequency bandw dth between two frequencies at

whi ch t he beabme mdor-at higtsfrée@dendies.he maxi mum ~."m~ and nornali zing the
frequency bandwi dth at the center.frequency thereof

It will be seen from these results that the magnetic body in sample 1 of
the present invention exhibits very high magnetic loss characteristics in high-
frequency regions.

Next willl be described tests done to verify noise suppression
effectiveness using the sémple(s) obtained with the embodiments of the present
invention. |

Using the measurement system diagrammed in Fig. 11 to verify noise
suppression effectiveness, and using a high-frequency current suppression
body comprising the granular magnetic thin film 6f sample 1 having the
permeability characteristic diagrammed in Figs. 4 and 5, formed in a square 20
mm on a side, with a film thickness of 2.0 um, that was placed directly above a
microstrip line having a line length of 75 mm and a characteristic impedance of
50 Q, and the transmission characteristics between 2 Ports were determined
using a network analyzer (HP 8753D).

in Table 2, the perfneability characteristics for the high-frequency
current suppression body sheet of the granular magnetic thin film sample 1 are
given together with the characteristics for a composite magnetic body sheet of

the same area consisting of flat Sendust powder and a polymer used as a



17. The hi gh-frequency current suppression body according to claim 16)
wherein said magnetic loss material has a size of saturation magnetization
within a range of 60%to 35% of saturation magnetization of nmetal magnetic
body consisting solely of Mconponent. 18. The hi gh-fr@gg@P%wﬂ)@at
suppressi on body accotding to claim16, wherein said magnetic loss nmateri al
exhibits a DC electric resistivity value |arger than 500 ~cS2cm 19. A

hi gh-frequency current suppressi on nethod wherein the high frequency
current suppression body cited in claim7 8 is deployed either in tight
contact with or in close proxinity tdablg@2lectronic circuit. 20. A

hi gh- frequency current suppreSS|on bod formation nethod wherein a magnetic
thin filmfornmed on one surf &M é@?ﬁﬂﬂtﬁnglﬁﬁet formsubstrate is

pl aced on art objefT)yand, by appl )Grggulg,-pr edsure fromsaid 23 10
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)= T LOXME ey next to a noise transmission path and imparting an equivalent

resistance component to the transmission path, it is believed that the level of
supcression effect will be roughly proportional to the product of the size of p"
‘and the thickness of the magnetic body (u"-3), wherefore, when comparing
suppression effects, a composite magnetic body sheet wherein & = 1.0 mm at
w' = 3 such that the value of u"8 will be on the same order was used as the
comparative example.

More specifically, as diagrammed in Fig. 11, the high-frequency current
suppression body sheet was deployed directly over the conductor of a
microstrip line 95 as indicated by the broken line 87, and the changes in the
transmission characteristic S,, were determined. In Fig. 11, the symbol 99
designates a coaxial line.

In Figs. 12A and 12B, the S,, characteristics are plotted when

deploying, respectively, the high-frequency current suppression body sheet of
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S,, characteristic decreases at and above 100 MHz, then increases after
exhibiting an extremely small value of -10 dB near 2 HGz. In the case of the
composite magnetic body sheet, on the other hand, the S,; characteristic simply
decreases from several hundreds of MHz on, exhibiting approximately -10 dB at
3 GHz. These results indicate both that the S,, transmission characteristic is
dependent on the " dispersion of the magnetic body, and that the level of the
suppression effect is dependent on the u"-8 product. Thereupon, the magnetic
body was assumed to be a dimension A distribution constant line, such as
diagrammed in Fig. 13, and, after finding the equivalent circuit constant per unit
length (AM) from the transmission characteristics Sy, and S,,, the equivalent
circuit constant was calculated to be converted to the sample dimension (A).

As in this study, when a magnetic body is placed above a microstrip line. The
changes in transmission characteristic are mainly due to th_e equivalent |
resistance component that is added in series, the equivalent resistance R was
found, and the freq'uency dependency thereof was investigated.

Referring to Figs. 14A and 14B, in the frequency variation in the
equivalent resistance R in the present invention and in the composite magnetic
body sheet that is the comparative sample, in both cases, the equivalent
resistance R simply increases in the sub-microwave band, becoming several
tens of Q at 3 GHz. The frequency dependency of the equivalent resistance R
appears to have a different trend from that of the frequency dispersion of u" that
becomes extremely large in the vicinity of 1 GHz, in both cases, but this is
thought to be a result of refiecting the fact that, in addition to the p"-d product

noted earlier, the ratio of the sample dimensions to the wavelength increases

simply.



10-u 10-u 10-u810% u& ()-3F 7f10% u& ()-Gs3 10% u& ()-Y

110% u& ()-F/ 10% u&' () -
0! }[ <YNC, ! 10%r&' ()-!,!10%m& ()-!,!10%rEnB& ()-!,! 10%NME& () -y1l0%r&' () -

Y10%&' ()-0! Y!'! "$C&H&I &J&z[ PE: 10m 10m
10m 1 10%1& ()-1110%T& ()-1VS: 1 10%s& ()- "1 ds: 1 10%m& () ePETIE% - sere
"(+. ... wXMB7 10Z2 10Z2 10z2! 109%Z2& ()-3% ! 109ZZ& () -3% HyM 10%& () -4

lyM 10%Z[ Z[ & ()-4 'l " 10%ZZ& ()-m .. V..//dEMB7 10Z2 1-109%& ()- s 109%& ()-,
10% & ()- 109 ()- s109% ()- |109%& ()-/00*1c222dEMB7 10Z2

1" S&10%& () - Fs$1rttie(emibdiment/d! the -presend invyentiobr@n(factlivgexampiEs34+506p6
g6r 6dYNC 10Z2 10 10 10s4!10%& ()-3"!109%& ()-ns-s!109%& ()-s+10%& () - nms3(
109&' () - &r awsindicatedthat are based on sputtering or vacuum vapor deposition

procedures, but such manufacturing methods as ion beam vapor deposition or
gas deposition may also be used, and there is no limit on the method so long as
it is one wherewith the magnetic loss material of the present invention can be
uniformly effected.

In the embodiments of the present invention, mereover, this is an as-
deposition film, but the performance and characteristics can be altered after film
fabrication by performing a heat treatment in a vacuum magnetic field.

Based on the foregoing, it is evident that the samples of the presen;
invention that exhibit u* dispersion in the sub-microwave band exhibit a high-
frequency current suppression effect equivalent to that of a composite magnetic

- body sheet having a thickness that is approximately 500 times greater, and that
such are promising as materials used to minimize EM|, between electronic
components cbmprising semiconductor integrafed devices and the like that
operate with a high-speed clock running near 1 GHz and electronic components
mutually susceptible to interference, and in electronic components and circuit
devices and the like that use high frequencies.

The granular magnetic films described in the foregoing relate only to
Fe Al,O,, but it is evident that the granular magnetic thin film of the present
invention can elicit the same effects even if, instead thereof, the components of
the magnetic body with the general formula M-X-Y are such that M is Ni, Fe, or
Co, the X component is C, B, Si, Al, Mg, Ti, Zn, Hf, Sr, Nb, Ta, or a rare earth, or,
alternatively, a mixture of those, and the Y componentis F, N, or O, or,

alternatively, a mixture of those.
The film forming method used in the embodiments described in the

foregoing was sputtering, but other methods such as vapor deposition or the

like can also be employed. In addition, such manufacturing methods as ion
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the method so long as

present invention can be realized uniformly.

In the embodiments of the present invention, furthermore, description is

given for high-frequency current suppression bodies comprising a synthetic

resin substrate or an adhesive layer or pressure-sensitive adhesive layer
comprising a synthetic resin, but it is permissible to form the granular magnetic
film directly on the site f use, and form a protective film or the like on top of that,
and the present invention is not limited to or by the method of adhesion or
affixing.

Based on the present invention, as described in the foregoing, it is
possible to provide a high-frequency current suppression body having a
magnetic thin film exhibiting outstanding high-frequency magnetic loss
characteristics extremely effective in eliminating interference caused by

electromagnetic noise or spurious electromagnetic radiation from circuit boards

using electronic components and/or high frequencies.
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WHAT IS CLAIMED IS ;

-=-1. A high-frequency current suppression
body having a sheet shape and comprising an adhesive layer
or préessure-sensitive adhesive layer

, at a side of t} "
thin £il ] . 4 tic £i1 {st £
loss. --

2. The high-frequency current suppression body according to claim 1,
wherein said magnetic thin film is provided on one surface of a film or sheet-
form substrate composed of a synthetic resin.

~ 3. The high-frequency current suppression body-acbording to ciaim 2,
wherein said adhesive layer or pressure-sensitive adhesive layer is prov;ded on
one surface of said magnetic thin film with said substrate interposed
therebetween.

4. The high-frequency c‘urrent suppression body ac;:ording to claim 1,
wherein said magnetic thin film is prdvic-i‘ed on one surface of a film or sheet-
form substrate so that said magnetic thin fim can be peeled away from said
substrate. . |

5. The high-frequency current suppression body according to claim 1,
wherein said magnetic thin film substantially consists of a magnetic loss
material having an M-X-Y composition, where M is at least one of Fe, Co, and
Ni, Y is at least one of F, N, and O, and X is at least one element other than M
or Y, and said magnetic loss. material is a narrow-band magnetic loss material
such that the maximum value u’max of loss factor u" exists within a frequency
range of 100 MHz to 10 GHz, said loss factor u* being an imaginary part in
complex permeability of said magnetic loss material, and that a relative
bandwidth bwr is not greater than 200% where the relative bandwidth bwr is
obtained by extracting a frequency bandwidth between two frequencies at which
the value of u" is 50% of the maximum u",,, and normalizing the frequency

bandwidth at the center frequency thereof.
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7. The high-frequency current sgpgrle[séion body ac?do%digw)g to)clai]ir%/g &0-
wherein size of saturation magnetization of said magnetic loss material is in a
range of 80% to 60% of saturation magnetization of metal magnetic body
consisting solely of M component.

8. The high-frequency current suppression body according to claim 5,
wherein said magnetic loss material exhibits a DC electric resistivity in a range
of 100 uQ-cm to 700 uQ-cm. _

9. The high-frequency current suppression body according to claim 5,
wherein said X component in said magnetic loss material consists of at least
one of C, B, Si, Al, Mg, Ti, Zn, Hf, S, Nb, Ta, and rare earth elements.

10. The high-frequency current suppression body according to claim 5,
wherein said M component in said magnetic loss material exists in a granular
form dispersed in the matrix of said X-Y compound.

11. The high-frequency current suppression body according to claim 5,
wherein mean particle diameter of particle M component having said granular
form is in a range of 1 nm to 40 nm,

12. The high-frequency current suppression body according to claim 5,
wherein said magnetic loss material exhibits an anisotropic magnetic field Hk of
600 Oe (4.74 x 10* A/m) or less.

13. The high-frequency current suppression body according to claim 5,
wherein said magnetic loss material has a composition represented by general
formula Fe,-Alg-O,.

14. The high-frequency current suppression body according to claim 5,

wherein said magnetic loss material has a composition represented by general

formula Fe-Sig-O,.
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range of 100 MHz to 10 GHz, said loss factor ' being imaginary part in
complex permeability of said magnetic loss material, and that a relative
bandwidth bwr is not smaller than 150% where the relative bandwidth bwr is
obtained by extracting a frequency bandwidth between two frequencies at which
the value of p" is 50% of the maximum " g and normalizing the frequency
bandwidth at the center frequency thereof |

17. The high-frequency current suppression body according to claim
16, wherein said magnetic loss material has a size of saturation magnetization
within a range of 60% to 35% of saturation magnetization of metal magnetic
body consisting solely of M component.

18. The high-frequency current suppression body according to claim
16, wherein said magnetic loss material exhibits a DC electric resistivity value
larger than 500 uS2-cm.

18, A high-frequency current suppression method wherein the high-
frequency current suppression body cited in claim 18 is deployed either in tight
contact with or in close proximity to an electronic circuit.

20. A high-frequency current suppression body formation method
wherein a magnetic thin film formed on one surface of a peelable sheet-form

substrate is placed on an object, and, by applying a pressure from said
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